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Abstract 
In this paper we report a highly sensitive capacitive pressure sensor and transducer, with ultra high capacitance values, based 
on branched carbon nanotubes on ultra thin silicon membranes. The presence of tree-like CNTs is believed to be responsible for 
high overlap between fingers which results in a significant capacitance change of the fabricated pressure sensor by applying 
pressure. Also, by applying an external voltage between fingers at one side of the ultra thin membrane an observable actuation 
was obtained. This actuation is sensed by a capacitive interdigital sensor at the other side of the same membrane.  
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1. Introduction 
Carbon nanotubes (CNTs) have exceptional electrical and mechanical properties due to their strong covalent 
bonds. Their extraordinary properties have given them many applications in different branches of science. We have 
recently reported the growth of carbon nanotubes in a controllable branched structure which has been achieved by a 
proper designed sequence of CNT growth and treatment to realize the growth of smaller diameter CNTs on the 
already grown structures1. In this paper, a high sensitivity pressure sensor has been fabricated with such tree-like 
Branched CNTs (B-CNT) grown on an interdigitally patterned structure as their conducting plates. The structures of 
fabricated pressure sensor have been investigated using scanning electron microscopy (SEM). The device shows a 
high value of capacitance and its variations with the applied pressure has been studied. Also, the effect of membrane 
thickness was investigated as well. We believe by applying a proper design one can realize a transducer unit where a 
sensing and actuating device are integrated on the same silicon-based membrane. Some preliminary results have 
been obtained showin the possibility of fabricating such devices which are presented briefly.  
2. Fabrication Process 
The growth of CNTs is achieved by a mixture of H2 and C2H2 gases in a dc plasma enhanced chemical vapour 
deposition (PECVD) reactor. Prior to the growth, a Si membrane (15µm thick) is formed by standard backside 
micromachining in KOH solution. After top side doping of silicon membrane, a 10nm thick nickel film is deposited  
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 using e-beam evaporation and patterned as the seed for growth of CNTs using standard photolithography. A 
hydrogen-assisted deep reactive ion etching (DRIE) step is needed to vertically remove silicon from unwanted areas 
to electrically isolate the fingers from silicon substrate and also to further decrease of membrane thickness up to 
around 10um, which is adequate for the presented pressure sensors.  
After the DRIE step, the sample is placed into the PECVD reactor in which the initial growth of CNTs occurs at 
the pressure of 2torrs, temperature of 650oC and in the presence of DC plasma with a power of 4-6W/cm2. It must be 
born in mind that the nickel layer acts both as the masking layer for the vertical etching process as well as the seed 
layer for the growth of carbon nanotubes in a linear array format. Following the initial growth, we need to 
encapsulate Ni on top of CNTs. Encapsulation can be provided by coating of CNTs with a 20nm thick TiO2 or 
amorphous carbon layer. Afterward, the sample is placed back into the original PECVD chamber to be exposed to 
hydrogen plasma. Depending on the hydrogenation step, the nickel seed which is placed on the tip side of the 
original CNT is expanded. The subsequent growth step in the same reactor leads to the growth of CNTs in a 
branched manner. The process flow of BCNT growth is depicted in figure 1.  In figure 2 several SEM images of 
different steps in the B-CNT growth are shown.  Insets indicate magnified views of nanotubes at each step. 
 
 
 
 
 
 
 
Fig. 2: (a) The SEM image of the array of CNTs before evolution of trees. The inset shows a magnified SEM image of ordinary CNTs. (b) The 
SEM image of CNTs while a 20nm thick TiO2 layer is deposited on them. (c) This figure depicts formation of  BCNTs; the inset indicates a 
single tree-like carbon nanotube. 
a) c) 
Fig. 1: (a) Deposition of Ni layer on doped silicon membrane as the catalyst for growth of CNT. (b) Electrical isolation of adjacent fingers using 
DRIE. (c) Growth of carbon nanotubes in the PECVD reactor. (d) Deposition of a 20nm thick TiO2 layer. (e) Original CNTs are exposed to the 
hydrogen plasma; consequently nickel on their tip side expands and becomes the seed of next step CNT growth. (f) Evolution of tree-like 
branched CNTs and their bending towards each other by applying pressure. 
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 Figure 3-a depicts a SEM image of the comb-like capacitive structure of branched CNTs with its magnified view 
in figure 3-b. As it can be seen, the long branches of the CNTs have strong overlapping which is suitable for the 
increase in the electric capacitance between parallel lines and subsequently increases the sensitivity of the device. 
 
 
 
 
 
 
 
 
3. Experimental Results 
The value of the capacitance has been measured at different stages of the fabrication. For a simple interdigital 
structure without CNTs, we observe a value of 0.2pF while this value rises to 8pF for the branched CNTs. In order 
to observe the effect of membrane deflection, the structure was exposed to one-atmosphere pressure and a 
capacitance of 3.8pF has been measured. Schematic illustration of this experiment is shown in figure 1-f with 
obtained results shown in Figure 4. The evolution of tree-like structure is believed to be responsible for the 
significant changes of its capacitance. Also the height of CNTs (5µm) and extension of branches (up to 2um) would 
lead to a significant overlap between fingers, further increasing the capacitance compared to previous works2, 3.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The capacitance profile depends on the location of exploited fingers with respect to the centre of membrane 
which should be activated properly. For this sample we have exploited 30 fingers adjacent to the corners of silicon 
membrane with a thickness of 10um. Therefore, by downward movement of the membrane caused by the external 
applied pressure, more surface bending of the membrane is resulted in the corners compared to that of off-corner 
parts which could consequently lead to a decrease in the capacitance value.  To further study this effect, another 
sample with approximately the same number of fingers located near the centre of the membrane and with the same 
membrane thickness, was fabricated and tested. The measurement conducted on this new sample confirms the same 
behavior with an opposite transition from a capacitance value of 4.3pF to10pF while pressure was applied in off/on 
just similar to the previous sample. Also the effect of membrane thickness has been investigated. It was observed 
Fig.4: Capacitance measurement of the interdigital 
array of branched structure. The results are obtained 
while one-atmosphere pressure is applied in an Off-
On manner. 
Fig. 3: (a) SEM top view of interdigital array of 
BCNTs. (b) A magnified image of the structure; inset 
shows a line of grown BCNTs. Fingers with 100um 
length and 1um width have been coated with 
branched nanotubes. (b) 
(a) 
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 that with a membrane thickness of about 1um and with fingers located near the centre of the membrane, the 
capacitance value changes from 20pF to 70pF which is more than 2 orders of magnitude higher than previously 
reported values. Also to the best of our knowledge these values are the highest reported capacitors made with 
interdigital structures. The fabrication process of the sensor system as depicted in figure 1 could be modified to 
include an actuation constituent. By applying a proper voltage on the interdigital array, furnished by treelike carbon 
nanotubes, one could expect a mechanical oscillation which can be transferred through the membrane towards other 
comb-like structures on the membrane. We have been working on this actuation mechanism and some preliminary 
results have been obtained confirming the possibility of this event.  Figure 5 depicts a SEM image of the proposed 
transducer with magnified image view of its fingers.  
 
 
 
 
 
 
 
  
 
As expected by applying a pulsed voltage to one interdigit (acting as the actuator side), the electrical oscillation 
of its carbon nanotubes produces a mechanical resonance which propagates through the ultra thin membrane and 
reaches other side (sensor part). This mechanical wave activates the sensing interdigit and leads to an observable 
change in the value of its capacitance. Figure 6 shows the results of the sensing operation in response to the 
actuation from actuator. As seen by increasing the actuator frequency to values of 100 KHz, the sensed signal 
vanishes. The optimum frequency is found to be around 10 KHz which is in a good agreement with the optical 
resonance frequency of the structure. The oscillatory variation of the capacitance value at the opposite side of the 
membrane is believed to be due to mechanical resonance behaviour through the thin membrane and further 
investigation on this important event is being pursued. Also the effects of various frequencies and amplitudes of 
oscillation are being studied. 
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Fig.6: The measured signal at sensor side at two frequencies of actuation 
with actuation amplitude of 1 V.  As seen from this figure, by raising the 
frequency of the oscillation to values above 100kHz not a considerable 
response is observed. The time delay between the input signal and the 
measured signal should be thoroughly investigated. 
Fig. 5: SEM image of sensor/actuator system on silicon membrane 
after the BCNTs have been grown. Inset magnifies individual 
fingers where nanotubes are observed. This structure can be used 
as a source for mechanical resonance and for future 
sensor/actuator applications. 
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